Purpose: To present the cataract surgery practice pattern among the ophthalmic surgeons in hospitals managed by the Ministry of Health (MOH) in Malaysia.
C ataract causes 51% of global blindness, affecting around 18 million people who are needlessly blind. 1 Being the only effective way to treat visually impaired cataract, cataract surgery is thus the most common ocular procedures performed in the world. Surgical technique has evolved from manual cataract extraction such as intracapsular cataract extraction, extracapsular cataract extraction (ECCE), and small incision cataract surgery, to phacoemulsification using ultrasonic technique and the latest femtosecond laser-assisted cataract surgery. The advancement in technology brings more precise incision, lesser complication, and better visual outcome, but it also demands more skill, longer learning curves, and higher cost. 2 The incremental cost-effectiveness ratios of femtosecond laser-assisted cataract surgery were $20,000, which made it not cost-effective when compared with phacoemulsification. 3 A cost-effectiveness study on cataract surgery done in 2003 at Ministry of Health (MOH) hospitals in Malaysia showed that extracapsular cataract surgery with intraocular lens (IOL) implantation costs Malaysian ringgit (RM) 3442 (US $905.79), and phacoemulsification with IOL implantation costs RM 4288 (US $1128.42). 4 When Charles Kelman introduced phacoemulsification technique in 1967, 5 with smaller incision and more controlled lens removal, he has revolutionary changed the way cataract surgery was conventionally done. The conversion from phacoemulsification to ECCE has changed the type of anesthesia used, from retrobulbar injection to subtenon or topical anesthesia and from rigid IOL to foldable IOL. As the corneal incision is small and wound can be closed tightly with hydration, there is no need to suture, resulting in less surgical induced astigmatism and reduced risk of postoperative endophthalmitis. 6 Advancement in surgical technique has also allowed patients to be treated as day care instead of inpatient cataract surgery. A recent Cochrane review concluded that day-care cataract surgeries saved cost and has no significant difference in terms of outcome or risk of postoperative complication. 7 However, there are considerable variations in different socioeconomic regions, from universal acceptance of day-care surgery in developed countries to limitations and challenges faced in its implementation in developing countries.
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The evolution of cataract surgery practice pattern does not only reflect technology advancement, but is also closely influenced by the surgeons' preference, reimbursement pattern of health care services, and patients' ability to pay. 16Y18 Malaysia is a developing country located in the heart of Southeast Asia. It has a gross domestic product per capita of US $10,380.54. The health care service is heavily subsidized by the government. Patients who had cataract surgery at MOH hospitals bought their own IOL and viscoelastic agent and paid only US $57 for surgical charges.
This article presents the trend in cataract surgery practice pattern among ophthalmic surgeons practicing at MOH hospitals in Malaysia with regard to the type of cataract surgical technique, day-care surgery, choice of IOL, and anesthesia use from 2002 to 2011.
MATERIALS AND METHODS
The materials and methods of Malaysian Cataract Surgery Registry (CSR) have been published elsewhere. 19 In brief, all cataract surgeries performed have their data entered into 3 forms, that is, preclerking record, operative record, and outcome record forms. Data on practice pattern were captured in the operative record forms by the medical officers and other staff working in the operating theaters (OTs). The data captured contained identity of patient, date of surgery, name and grade of surgeon, either day care or inpatient, type of surgical technique, whether it was done as single procedure or in combination with other ophthalmic surgeries, anesthesia used, and type and material of IOL being implanted. The designated staff would enter the data directly to the Web-based registry if the OTs have Internet connection or would fill in the operative record forms in the OT soon after the surgery, and data would be entered by designated staff at the ophthalmology departments, usually the optometrists later.
Statistical analysis was performed using Stata Statistical Software, Release 8.0. 20 Continuous variables were presented by mean and SD for normally distributed data, and categorical data were presented in frequency and percentage. The Mann-Kendall test (a nonparametric rank-based test) was conducted for assessing the significance of the trend in the time series of proportions of cataract surgery patients with phacoemulsification and ECCE.
This study was funded by the MOH research grant, and the study protocol was reviewed and approved by the Medical Research and Ethics Committee of the MOH.
RESULTS

Surgery Volumes and Surgeon Status
The number of participating centers and cataract surgery performed and that was reported to CSR has increased over the years. The trend in increasing numbers of cataract surgery is a result of investment in increasing surgical capacity in the MOH hospitals.
Most hospitals performed between 100 and 501 surgeries a year, although the number that performed more than 1000 surgeries a year increased from 4 in 2002 to 10 in 2011 ( Table 1) . Most of the surgery was done by specialists ( Fig. 1 ). (Fig. 2) . The increment of phacoemulsification was statistically significant with MannKendall test showing an upward trend with P = 0.0008 and a significant downward trend (P = 0.008) in the number of ECCE.
Type of Cataract Surgery and Combined Surgery
The CSR also captured data for cataract surgery that began as phacoemulsification but needed to be converted to ECCE, the percentage remained around 2% for the past 10 years ( Table 2) .
The overall percentage of cataract surgery performed in combination with other surgeries from year 2002 to 2004 and 2007 to 2011 was 3.7% (n = 6391). Vitreoretinal surgery was the commonest combined surgery performed, and it demonstrated an upward trend from 0.2% in year 2002 to 2.2% in year 2011. On the other hand, combined cataract surgery with glaucoma filtering surgery decreased from 1.2% in 2002 to 0.2% in 2011. The percentage of combined cataract and pterygium surgery stayed the same over the years (Fig. 3) . (Fig. 4) . The implantation of silicone IOL had shown a significant decline over the years with less than 1% from 2007 (Fig. 4) .
Intraocular Lens
Anesthesia During Cataract Surgery
The majority of eyes were operated under local anesthesia, and percentage stayed at greater than 90% (93.6% in 2002, 93.5% in 2011). Subtenon injection was the preferred technique since 2002 but was surpassed by tropical anesthesia in 2010 (49.6%) and 2011 (58.8%). The change of preference toward topical anesthesia mirrored the change toward phacoemulsification (Fig. 5) . 
Day Care Versus Hospital Admission
The number of cataract surgeries performed as day care increased from 4887 (39.3%) in year 2002 to 14,842 (52.3%) in 2011 (Fig. 6 ). However, there was much variation among hospitals, from no day-care surgery (3 hospitals in 2011) at all to 100% (1 hospital) performed as day-care surgery.
DISCUSSION
The key findings on cataract surgery practice pattern among eye surgeons working at MOH hospitals from 2002 to 2011 were the conversion of surgical technique from ECCE to phacoemulsification, with more than 50% done as phacoemulsification in 2005 (Fig. 2) . The change in surgical technique from large incision ECCE to small incision phacoemulsification brought along a parallel change of preferred IOL types and material, from rigid polymethylmethacrylate to foldable acrylic IOL (Fig. 4) , as well as the change in type of anesthesia, from subtenon injection to topical anesthesia (Fig. 5) . Although there was more phacoemulsification being done, the proportion of day-care surgery performed at MOH hospitals remained lower than desired (52% in 2011).
Most MOH hospitals performed around 501 to1000 cataract surgeries a year, and surgeries were mainly done by specialists. This reflects a need to review the work process so as to optimize physical and human resources at MOH hospitals.
Phacoemulsification is now the preferred choice of cataract surgery by most ophthalmologists. It was performed in 98% of the cataract surgery in Swedish National Cataract Register 16 in 2000 and 99.5% from the European Registry of Quality outcome for cataract and refractive surgery, 21 and by almost all respondents in questionnaire surveys done in New Zealand in 2007, 22 among all respondents of a survey on American Society of Cataract and Refractive Surgeons members 23 in 2003, 94% of Japanese ophthalmologists 24 in 1999, and 92% among ophthalmologists who responded to a nationwide survey in Singapore. 25 The conversion from ECCE to phacoemulsification among doctors at MOH hospitals happened rather late, about 30 years after Charles Kelman introduced phacoemulsification in 1967. Even in 2011, phacoemulsification contributed only two thirds of the total cataract surgery done at MOH hospitals. There were multiple factors that contributed to low uptake of phacoemulsification. The main reasons were financial cost, where a significant number of hospitals did not have phacoemulsification machine in the early 2000s, and in 2011, there were only 63 phacoemulsification machines in the 36 ophthalmology departments at MOH hospitals. 26 Furthermore, the high cost of consumables required for phacoemulsification may limit the volume of phacoemulsification. There is still a need to perform ECCE as almost half of the patients who presented with unaided vision of worse than 2/60 and one fifth of patients who presented with refracted vision of worse than 2/60 at the time of surgery may indicate they had brunescent cataracts, which may not be suitable for phacoemulsification. *Total number or percentage may be more than total or 100% as patients might have more than 1 combined surgery. Foldable IOL has become the preferred IOL type in conjunction with the surge in phacoemulsification surgery. The Swedish National Cataract Register reported use of 92.7% foldable IOL 16 and 93.1% of acrylic IOL in EUREQUO database.
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Acrylic hydrophobic is the most favored optic material probably because of its advantages with reference to less postoperative posterior capsular opacity and less Nd:YAG laser capsulotomyrelated complications. 27 The number of vitreoretinal surgery performed at MOH hospitals has increased more than 3-fold, from 1366 in 2002 to 4515 in 2011. 28 This may reflect the increase in the cataract surgery combined with vitreoretinal surgery. The downward trend of combined cataract surgery with filtering surgery could be explained by the less favorable outcomes in combined surgery. 29 This practice pattern is in line with the Swedish National Cataract Registry, which reported a decrease from 2.0% to 0.7% of combined glaucoma surgery in its 9-year review. 16 Combined cataract and pterygium surgery cases were also decreasing, consistent with the practice of removing pterygium before cataract surgery for better refractive outcome.
The adoption of phacoemulsification by surgeons also brings the change of type of anesthesia. Among the consultant ophthalmologists in New Zealand who responded to a survey, 65% used subtenon routinely, and 20% used topical anesthesia. 22 Singaporean cataract surgeons used peribulbar anesthesia in 43%, topical anesthesia in 42%, and retrobulbar anesthesia in 13%. 25 Topical anesthesia is becoming more popular among MOH doctors in Malaysia (58.8%), and subtenon anesthesia, which used to be most popular in 2002 (47.1%), has become second choice (36.7%). Although topical anesthesia reduced the risk of injection-related complication, it does not provide pain relief as well as regional anesthesia. 30 Day-care cataract surgery has been proven to be costeffective and is practiced worldwide. 7Y15 Although it is gaining popularity in the MOH hospitals, the percentage of cases performed as day care is still low (52% in 2011). The variation in day-care surgery at MOH hospitals reflected more of surgeons' preference and hospital facilities such as unavailability of day-care OTs and day-care ward rather than geographical location of the hospital or individual patient's choice. For example, in 2011, Hospital Miri, located in the state of Sarawak in Borneo Island in East Malaysia, performed 100% surgery as day care, whereas 3 other hospitals, all located in Sabah state in Borneo Island in East Malaysia, did not perform any case as day care. Besides, up to 72% of patients had a systemic comorbidity and may need to be admitted for monitoring of their medical conditions.
The principal strength of this article is that it reported data from Malaysian CSR with 100% participation of all ophthalmology departments in MOH, large number of cataract surgery, and good coverage over consecutive years from 2002 to 2004, and 2007 to 2011. The trend observed in the change in practice pattern provides reliable information when compared with articles, which reported findings from questionnaire-based surveys with low response rate. 22Y25 The limitations in this article are that it does not have information on cataract surgery performed by doctors in the 3 university hospitals, which have performed 2664 cataract surgery in 2011, and 15819 cataract 
